As will be discussed below, aberrations in the diet of rats leading to magnesium deficiency or excessive intakes of phosphorus and/or calcium can cause nephrocalcinosis. This condition is a disorder of the kidney, which involves the nephrons and refers to the deposition of calcium phosphates in the corticomedullary region. On the basis of its aetiology and ultrastructural features, various forms of nephrocalcinosis can be distinguished. In general, the primary lesion is an intratubular accumulation of calcium phosphates but ultrastructurally there are differences in relation to the dietary origin of the condition (Battiforaetal., 1966; Oliveretal., 1966; Sarkar et al., 1973; Haase, 1975; Nguyen & Woodard, 1980) . However, light microscopic inspection of sections from kidneys with different forms of diet-induced nephrocalcinosis reveals a similar image.
Apart from the composition of the diet, the incidence of nephrocalcinosis also depends on other factors such as gender, genetic traits and age. In this communication we review briefly various aspects of nephrocalcinosis in rats. In addition, we present recent results of our studies on diet-induced nephrocalcinosis and kidney function. The results are discussed from a descriptive rather than from a metabolic point of view. Renal transport systems of calcium and phosphate clearly playa role in the development of nephrocalcinosis. A discussion of these systems can be found elsewhere (Mizgala & Quamme, 1985) .
Kidney calcification may occur within a few weeks upon weaning (Cousins & Geary, 1966; Geary & Cousins, 1969) . Females develop nephrocalcinosis more easily than males which may be related to the influence of oestrogens. Male rats injected with oestrogen develop significantly more nephrocalcinosis than untreated males, while ovariectomized females do not produce kidney calcification (Geary & Cousins, 1969) . At advanced ages, rats show depressed sensitivity to a nephrocalcinogenic diet (Hitchman et al., 1979) . Regression of pre-established nephrocalcinosis does not occur after removal of the nephrocalcinogenic components from the diet (Mackay & Oliver, 1935; Hitchman et al., 1979) .
Among inbred strains of rats differences in susceptibility to a nephrocalcinogenic diet has been found (Du Bruyn, 1970) . In our laboratory weanling, inbred female AO (AO/ OlallHsd, England) and WKY IN (Harlan Sprague Dawley Inc., Frederick, MD, USA) rats produced less kidney calcification than outbred RIV-TOX rats (National Institute for Public Health and Environmental Protection, Bilthoven, The Netherlands) after feeding a semipurified diet containing 0·40/0 P (w/w) (unpublished observations).
Diet and nephrocalcinosis
Controlled experiments using defined, semipurified diets have shown that low magnesium concentrations (Forbes, 1963; Harwood, 1982; Meyer et al., 1982) and low calcium: phosphorus ratios (Meyer et al., 1982) induce kidney calcification. The incorporation of high amounts of fluoride into a high phosphorus or low magnesium diet protects against nephrocalcinosis (Luoma et al., 1976; Forbes, 1971) . The incidence of kidney calcification in rats fed commercial diets can vary considerably (Cousins & Geary, 1966; Clapp, 1980; Clapp et al., 1982) . A study showed that in rats fed 3 out of 6 commercial rat diets there was a high incidence of nephrocalcinosis (Clapp, 1980) . The disorder appeared to develop after the feeding of diets with a low calcium: phosphorus ratio. Semipurified diets generally cause higher incidences and degrees of nephrocalcinosis than commercial diets (Woodard, 1970; Woodard, 1971a Woodard, , 1971b Hitchman et al., 1979) even when the concentrations of calcium and phosphorus are Ritskes-Hoitinga, Lemmens & Beynen identical (Hitchman et al., 1979) . This probably relates to enhanced availability of minerals from semipurified diets.
Kidney function and nephrocalcinosis
Whether nephrocalcinosis causes a diminished kidney function is not clear. This is caused by the fact that different authors may have studied different forms and degrees of severity of nephrocalcinosis and have used different parameters to assess renal function. The parameters differ in sensitivity to detect changes in kidney function. AI-Modhefer et al. (1986) have shown that dietary induced kidney calcification is associated with prolonged tubular fluid transit times at the single-nephron level. However, whole-kidney function was not found to be affected. Likewise, Stonard et al. (1984) assessed whole-kidney function by the measurement of urinary volume, specific gravity and total protein content. Kidney function was found to be similar in rats with or without nephrocalcinosis. The activity in urine of N-acetyl-J3-g1ucosaminidase, an increase of which is an indication of damage to the tubules, has been found to be increased in rats with nephrocalcinosis (Kang et al., 1979) . Kaunitz and Johnson (1976) reported an association between nephrocalcinosis and increased concentrations of urea in blood, but Cousins and Geary (1966) failed to find such an association. Schaafsma et al. (1985) induced nephrocalcinosis by a high phosphorus diet and observed decreased kidney function after 16 weeks, as indicated by increased plasma concentrations of urea and lowered creatinine clearance.
Experimental outcome as influenced by nephrocalcinosis
An important question is whether a relatively small degree of nephrocalcinosis, which is a common condition in many strains of rats, interferes with the interpretation of experimental results. In toxicity tests with rats, nephropathy as induced by the feeding of butylated hydroxytoluene, was observed only if the animals had been fed a diet that induced nephrocalcinosis (Meyer et al., 1978) . In contrast, the addition of butylated hydroxytoluene to a nephrocalcinosisnegative diet, did not result in nephropathy. Possibly, the observed interaction of sensitivity to butylated hydroxytoluene and the composition of the diet is related to diet-induced nephrocalcinosis. Another example of a possible interaction between nephrocalcinosis and the experimental diet has been described by Forbes (1971) . The addition of ethionine to a magnesium deficient diet led to a considerable higher degree of kidney damage than did ethionine in a diet with an adequate amount of magnesium.
Moreover, kidney calcification was far more extensive with ethionine than on the magnesium deficient diet alone.
Interactions of experimental treatments and nephrocalcinosis can lead to false interpretation of results. From a scientific point of view this is undesirable. Diet-induced bias of experimental results also implies that the results of a certain experiment are no longer comparable with those of other studies. This will increase the need to repeat experiments. Consequently animals are sacrificed unnecessarily and time and resources are wasted.
Within a given outbred population of rats, the severity of nephrocalcinosis varies considerably between animals, despite the fact that the diet composition is constant (Harwood, 1982; Stonard et al., 1984) . The use of rats with variable degrees of nephrocalcinosis, will decrease the statistical power in experiments in which kidney function and structure are under study. Between-animal variation within one experiment can decrease the precision of results (i.e. the standard deviation increases) and more animals will be needed in order to obtain valid information.
Clearly this does not contribute to reduction of animal use.
Recent studies
We have performed a series of experiments to delineate the effects of dietary minerals on nephrocalcinosis and the implications of kidney calcification on kidney function in female rats. The ultimate aim of this project is to gather 315 information so as to formulate diets that do not induce nephrocalcinosis or any other disorders. The effects of dietary calcium and phosphorus on kidney calcification are described here. Kidney function was assessed in rats fed high phosphorus diets. Female, specified-pathogenfree RIV-TOX rats (National Institute for Public Health and Environmental Protection, Bilthoven, The Netherlands) aged about 5 weeks were used throughout. In all experiments semi purified diets were fed for 4 weeks. Nephrocalcinosis was determined chemically (by the analysis of calcium and phosphorus in kidney) as well as histologically (by staining of kidney slices with Von Kossa's method or hematoxylin-eosin). Experimental details have been described elsewhere (Hoek et al., 1988; Mars et al., 1988; Schoenmakers et al., 1989) .
When diets were fed to rats with calcium as the only dietary variable (added to the diet as calcium carbonate), kidney calcium level was positively associated with calcium intake within the range of 0-13-0' 50070 (w/w) of calcium in the diet. Increasing dietary calcium level to 0-75% resulted in an unexpected low calcium content of the kidney. The rats fed the 0'75% calcium diet had the lowest degree of nephrocalcinosis of all dietary groups (Hoek et al., 1988) .
Phosphorus was added to the semipurified diets in the form of sodium dihydrogen phosphate. The sodium was balanced for by sodium carbonate. An increase in dietary phosphorus level resulted in increased kidney calcium and high histological calcification scores. In rats fed diets with a low dietary phosphorus concentration (0' 20%) no kidney calcification could be detected after 4 weeks. Table 1 shows that there is more calcification on diets with calcium: phosphorus ratios less than one compared with higher ratios. However, further qualification is necessary. At a constant calcium level, a decrease in calcium: phosphorus ratio from 1·25 to 0,63 produced an increase in nephrocalcinosis.
But an increase in calcium: phosphorus by increasing calcium up to O· 50% (while keeping phosphorus constant at Ritskes-Hoitinga, the female rat. Macroscopically, the calcified kidneys were enlarged and had a flattened elongated appearance compared to control kidneys. Kidney weight, expressed as a percentage of body weight, was increased by about 25070 in rats fed the high phosphorus diet.
Lemmens & Heynen
The following kidney function indicators were measured: water intake, urinary volume, urine and plasma osmolality, plasma urea and creatinine, urinary creatinine and urea excretion, urea and creatinine clearance and urinary albumin excretion. Of these parameters only albumin excretion in urine was increased significantly in 0'40070) also increased nephrocalcinosis (Table 1) . At high calcium levels of 0-750/0 and thus relatively high calcium: phosphorus ratios (1' 88), nephrocalcinosis was minimal (kidney calcium: In all our experiments total body retention of phosphorus, but not that of calcium, was positively associated with the degree of kidney calcification. A low dietary phosphorus level of O' 20% was very effective in preventing nephrocalcinosis (Mars et al., 1988) . The 0·2 % of phosphorus did not impair bone development (Schoenmakers et al., 1989) , which indicates that O' 2% phosphorus in the diet is sufficient for fast growing rats. Whether or not this low phosphorus level is adequate in the long run for reproduction, is presently under investigation.
Dietary phosphorus induced kidney calcification is associated with considerable kidney damage throughout the whole corticomedullary layer (Mars et al., 1988) . Thus it could be suggested that kidney function is impaired. In a separate experiment this suggestion was tested. Kidney calcification in female rats was induced by providing a high phosphorus diet (0'6%, w/w) whereas control rats received a O' 4% phosphorus diet. The composition of these diets was identical to those used in previous work (Mars et al., 1988) except for the concentration of magnesium, which was 0-04%. The 0,6% phosphorus diet caused extensive calcification of the kidneys, but no calcification was found in lung, stomach, aorta, liver and heart. Apparently, calcium is deposited preferentially in the kidney of This effect could be repeated in a subsequent experiment, in which the same diets were fed.
In both experiments a significantly positive correlation was found between kidney calcium content and urinary albumin excretion (Fig. 1) . On histological examination of haematoxylin and eosin stained kidney sections extensive kidney changes were apparent in rats fed the high phosphorus diet: a largely calcified corticomedullary junction, dilated cortical tubules proximal to calcified deposits, tubular hyperplasia and fibrous tissue proliferation around some deposits. On the basis of the increased kidney size and weight, the increased urinary albumin excretion and the histological changes in calcified kidneys of rats fed the high phosphorus diet, it may be concluded that dietary phosphorus induced nephrocalcinosis interferes with kidney functioning. It remains to be established whether nephrocalcinosis per se rather than the high concentration of dietary phosphorus is responsible for the observed increased urinary output of albumin. In an attempt to test the hypothesis that nephrocalcinosis causes loss of albumin, nephrocalcinosis will be induced by various experimental diets and the excretion of albumin in urine measured. If nephrocalcinosis is invariably associated with increased urinary albumin, the hypothesis can be considered correct. Whether enlarged and calcified kidneys give rise to discomfort is uncertain. It is possible that the hyperplasia and calcification of kidney tissue stretch the renal capsule, which causes pain in the animal.
Conclusions
It is difficult to assess the impact of our shortterm studies in terms of recommendations for the feeding of the laboratory rats. Caution is warranted in extrapolating results from experiments with semipurified to natural ingredient diets. in any event, our studies show that dietary calcium and phosphorus levels that are lower than the established requirements of O· 50 and O· 40% respectively (National Research Council, 1978) do prevent nephrocalcinosis (Hoek et al., 1988; Mars et al., 1988) 
